Background and objectives There is a projected shortage of kidney specialists, and retention of trainees in nephrology is important. Determining factors that result in choosing a nephrology career could inform future strategies to attract nephrology fellows. Results Of the 3399 members, 913 (23%) returned the survey. Mean age was 51.1610.5 years, and 46.1% were academic nephrologists. In addition, 38.4% of respondents graduated between 2000 and 2009. Interest in nephrology began early in training, with the intellectual aspects of nephrology, early mentoring, and participation in nephrology electives named as the most common reasons in choosing nephrology. Academic nephrologists were more likely to have participated in research in medical school, have a master's degree or PhD, and successfully obtained research funding during training. Academic debt was higher among nonacademic nephrologists. Research opportunities and intellectual stimulation were the main factors for academic nephrologists when choosing their first postfellowship positions, whereas geographic location and work-life balance were foremost for nonacademic nephrologists.
Introduction
As a worldwide epidemic of CKD continues, there is a projected future shortage of nephrology specialists in the United States (1,2) despite an 11% increase in the number of nephrology trainees between 2005 and 2011 (3, 4) . Moreover, the number of US medical graduates who chose to pursue nephrology has fallen by 10% over this period (5) . This shortfall has been taken up by international medical graduates, but the number of applicants from abroad also fell by 42% between 1996 and 2008, with residents citing financial issues, lifestyle, and the failure to stimulate an interest in nephrology during undergraduate training as factors contributing to a lack of interest in a career in nephrology (5) . These concerns are not exclusive to adult nephrology in the United States but have also been reported both abroad (6, 7) and in the field of pediatric nephrology (8) . In addition, the recruitment and retention of trainees into academic nephrology is of significant concern.
Previous studies have reported low physician satisfaction with nephrology careers by established community nephrologists relative to other medical subspecialists, although the reasons for this dissatisfaction have not been further elucidated (9) . In 2008, the American Society of Nephrology (ASN) founded the Task Force on Increasing Interest in Nephrology Careers to try to find ways to strengthen interest in a nephrology career among internal medicine residents (2) . These efforts, however, would be strengthened and focused with additional information regarding the underlying reasons why trainees chose a career in nephrology, especially an academic nephrology track. A previous study reported that a decision to pursue a career in academic medicine includes the following factors: participation in a research-oriented training program, as well as strong research mentors and role models. Conversely, because this decision is often made early during medical residency, a heavy educational debt burden appears to be a significant disincentive to choosing an academic career (10) .
To our knowledge, this study is the first career survey of practicing nephrologists in the United States. The goals were to elucidate the factors that most strongly influence trainees to choose a career in nephrology, and to assess overall satisfaction with career choices. We also sought to identify important factors in the choice of an academic nephrology track. By gathering these data, we hoped to inform future strategies to attract and retain nephrology trainees.
We hypothesized that initial interest in nephrology occurs relatively early in medical training, that mentorship would be a highly important factor in the ultimate choice of a career in nephrology, and that early involvement in research would predict a future academic career.
Materials and Methods
An invitation email was sent to all active ASN members with an MD or equivalent degree (n=3933), containing a link to a web-based survey (see the Supplemental Appendix for the survey questions). Participants were informed that the survey would require an estimated 25 minutes to complete. Questions included demographics, training background, and career choices. Participation was anonymous and voluntary. The initial invitation email was sent in June 2009 and two follow-up reminders were sent after 1 and 3 weeks. The survey closed after 4 weeks.
The wording of the survey was approved by the ASN council after multiple revisions. Ethical approval for this study was obtained from the Institutional Review Board at the Brigham and Women's Hospital and the University of Pennsylvania Office of Regulatory Affairs. It was determined that informed consent was not required.
For statistical analyses, most of these data were stratified by the self-reported status of respondents as having academic or nonacademic careers. Basic demographics were collected, including age, sex, race, current position, and years since completion of fellowship training. Careerspecific questions included factors influencing career choice, prior research and funding, and career progression. Trends over time were examined by dividing respondents into cohorts according to when training was completed by approximate decade: before 1980, 1980-1989, 1990-1999, and 2000-2009 . Comparisons between groups were made using the Pearson chi-squared test with a two-tailed P value ,0.05 being considered significant.
Results

Demographics
The survey invitation was sent to 3933 active ASN members, 913 of whom completed the survey yielding a response rate of 23.2%. The mean age of respondents was 51.1610.5 years and an average of 17.2611.2 years had passed since completion of nephrology training. Relatively recent fellowship graduates comprised a substantial proportion of responders: 38.4% completed training between 2000 and 2009 and 19.5% between 2005 and 2009. The demographic characteristics of the responding nephrologists were stratified according to whether they had pursued a career in academic medicine and are given in Table 1 .
Although the majority of respondents were male, we observed a trend of an increasing proportion of women nephrologists by decade over the past 30 years. Among nephrologists who completed their training before 1980, 90% were male compared with just 66% of those who completed training between 2005 and 2009 ( Figure 1 ). As seen in other medical subspecialties, Hispanics and African Americans remain under-represented in nephrology; 4.9% of respondents were Hispanic and 3.0% were African American, compared with 16.3% and 13% of the general population, respectively (11) . Reflecting the pool of current entrants into nephrology training, 52.9% of recent graduates were Caucasian compared with 80.6% of those who graduated before 2000. Table 2 summarizes the education and training characteristics of those surveyed. During medical school, 59% of respondents completed a renal elective (60.4% of recent graduate versus 58.2% of older graduates; P=0.54). Academic nephrologists were significantly more likely to have received research funding during their training and were also more likely to have completed an additional advanced degree with the proportion of trainees who have a master's degree or a PhD has increased over the last 20 years. Interestingly, recent graduates were more likely to have received non-National Institutes of Health (NIH) research funding during training. This may reflect the increasing proportion of graduates who are international medical graduates and are therefore potentially ineligible for traditional sources of funding. Nonacademic nephrologists had more debt at the end of their training. Similarly, debt levels were substantially higher among recent graduates even accounting for inflation, with 26.6% owing . $100,000 on completion of fellowship training and 19.5% owing .$150,000.
Education and Training
Overall, 45% of respondents reported participating in research while in medical school, whereas 25% of academic nephrologists reported authoring a peer-reviewed paper during medical school compared with 17.3% of nonacademic nephrologists (P=0.01). Trainees who graduated between 2000 and 2009 were more likely to have participated in research during medical school.
Factors Influencing Career Choice
The final decision to pursue nephrology as a career was made by .70% of trainees during their residency. However, 44% of respondents reported that their initial interest in nephrology was kindled before or during medical school ( Figure 2 ). Academic nephrologists were more likely to have become interested in nephrology earlier in their training as were more recent graduates.
One of the most important factors for choosing nephrology was an intellectual interest in the kidney, which was reported by 49% of respondents as the primary motivation. Furthermore, the importance of early mentoring was highlighted by the fact that 14% indicated that experience with a specific mentor during residency prompted them to choose nephrology, whereas 7.4% had reported that a relationship with a mentor during medical school was the strongest influence. Completing a residency rotation in nephrology was the most important factor for 9% of respondents. In a multivariate logistic regression model, the most important factors predicting a future career in academic nephrology were success in obtaining research funding during training (odds ratio [ 
Current Position
Overall, 42.8% of respondents reported that they were still in their first job after training and 43.4% were currently working in an academic center. Of those presently at an academic institution, 46.7% were following a clinicianeducator track, whereas 34.2% were on a physician-scientist track. Senior nephrologists appear to be over-represented in our sample, with 49.7% full professors and 27.8% division or department chiefs. For respondents currently in private practice, 66% were in single-specialty groups. More than half continued to be affiliated with a teaching hospital. Nephrologists in private practice reported spending a greater proportion of their time in direct patient care compared with academic nephrologists (75.7% versus 41.3%; P,0.001). Table 3 lists the major factors determining why the respondents chose their initial and current positions. The availability of research opportunities was the most important factor for the majority of academic nephrologists. For nonacademic nephrologists, location, salary, and work-life balance took precedence for their initial choice of position.
Career satisfaction results are summarized in Table 4 . Overall, both academic and nonacademic nephrologists expressed high levels of satisfaction with their careers and very few respondents were unhappy that they chose nephrology as a career. Academic nephrologists were more likely to express dissatisfaction at their level of remuneration. Nonacademic nephrologists were more likely to feel that an academic career was incompatible with having a family and that there was too much pressure to publish. Recent graduates were more likely to say that they regretted their choice of nephrology as a career (13.9% versus 8.3%; P=0.02).
Discussion
The population of patients with CKD is expanding and the current growth in the number of nephrologists is not sufficient (1, 2) . One key concern is the documented declining interest in nephrology among US medical graduates (5), with the proportion of international medical graduates in nephrology fellowship positions increasing from 41% to 56% in the past 5 years (3,4). Furthermore, despite the fact that .50% of medical school graduates are now female, nephrology training remains male dominated, although there has been a trend toward increased female participation in renal medicine over the past 10 years as previously reported (4) and observed in this study. The under-representation of minorities in nephrology fellowships is also of significant concern. African Americans comprise 13% of the US population and 32% of patients with ESRD and yet only 3.8% of nephrology trainees in 2008 were African American (12) .
Efforts are being made to increase interest in a nephrology career among internal medicine residents through the establishment of an ASN Workforce Committee, which was initially established as the Task Force on Increasing Interest (2) . Our survey data suggest that these efforts should be focused more on medical students. With the trend toward increasing subspecialization in medicine in general, there is a sense that trainees are being required to make career decisions earlier and positive experiences during medical school influence future decisions. Anecdotally, nephrology may suffer from the perception that the patients are sicker than other specialties with an element of hopelessness (5) . This may be because exposure to renal patients in medical school is largely restricted to acute care of chronic dialysis patients with limited exposure to ambulatory care and transplantation (5) . Furthermore, medical students may feel that renal pathophysiology courses are too complex and uninteresting (5) . One challenge may be to develop nephrology curricula that are broad and relevant while emphasizing the diversity of opportunities that exist in a nephrology career, including interventional nephrology, transplantation, recent advances in the understanding of the pathophysiology of renal disease, and improvements in the delivery of dialysis. Importantly, half of those surveyed reported that their primary reason for choosing nephrology was an intellectual interest in the subject. We must find ways to best channel this enthusiasm toward potential nephrology trainees. One potential approach would be to formally identify medical students with an interest in nephrology earlier in their training. Faculty with an interest in promoting nephrology careers could be encouraged to mentor these students and nephrology electives could be better structured to include a broad mix of inpatient and outpatient care, thus exposing students to the broad range of paths that exist within a nephrology career (13) .
Previous studies have shown that factors such as the presence of research-oriented programs, mentors, previous involvement in research, and debt were important in predicting whether a trainee would pursue a career in academic medicine, and this was reflected in our survey (10) . Academic debt is a growing problem and may be a significant disincentive to entry into a career in academic medicine in particular where salaries are generally lower. A small proportion of respondents received NIH loan forgiveness and consideration could be given to expanding this program. In the current political environment, it is unlikely that there will be a substantial increase in government funding of research; as a result, foundation and industry funding is increasingly important. This is particularly the case in nephrology, where the large number of non-US medical graduates is potentially excluded from many traditional forms of research funding. As a result, the proportion of foreign medical graduates who practice academic nephrology is lower than their UStrained colleagues. There may be a place for providing funding aimed specifically at these trainees to encourage their participation in research.
In other medical specialties, a growing number of academic physicians are in nontenure tracks with hospitalists making up a significant proportion of the total. There is disproportionate burnout in this group due in part to a lack of a clear path toward advancement (14) . However, there is a trend toward diversifying the number of paths to tenured positions in academic medicine with the traditional model of a university professor who spends 80% of his or her time in research being joined by clinician educators and pure clinicians who provide valuable clinical, education, and revenue services to hospitals. This diversity of academic roles could be better adapted in the field of nephrology. Consequently, emphasizing the array of options to trainees early in their careers could help retain a higher proportion in academic medicine who may not otherwise have realized that there was a clear path to advancement outside the traditional model of majority research (15) .
Formal training in research methodology is also important, and this has been shown to increase retention of trainees in clinical research careers (16) . Nephrology joined the national resident matching program in 2009 and most programs now match applicants using this process. This has incentivized nephrology applicants to interview at a larger number of institutions and may allow for more appropriate placement of applicants on career paths that better fit their goals, ultimately leading to high rates of long-term retention of trainees in clinical and academic nephrology (17) .
There are a number of important limitations to our study. Although the survey was sent to all active ASN members, relatively senior faculty members were over-represented and therefore it may not be representative of the entire membership. The group that is primarily of interest is the recent graduates because their experience would be most comparable with current trainees. In this study, 38% of respondents graduated between 2000 and 2009 and 19.5% graduated since 2005. There have been substantial changes both in the demographics of trainees entering nephrology and the overall structure of training programs (in part due to changes in work hours mandated by the Accreditation Council for Graduate Medical Education). A recent paper examining the experience of trainees who graduated between 2005 and 2009, which primarily examined procedural and clinical competence, has provided important information about nephrology education as well (18) . The primary focus of this study was to determine the factors that lead to a career in academic nephrology, and potential future directions for study include comparisons of training experiences and career trajectories of recent trainees with those of earlier graduates. Respondents were generally happy with their career choices and less satisfied members may not have been inclined to complete this study. The overall response rate of 23% would not be atypical for an online survey tool but there was almost certainly some nonresponse bias. The length of time required to complete the survey may have discouraged potential respondents. Unfortunately, the ASN does not have summary demographic data for the entire membership that would enable us to formally evaluate how different the respondents were compared with the overall group. Similarly, it is uncertain how representative the ASN membership is of nephrologists in general because all US-based nephrologists are not ASN members. Surveys were not complete for all respondents; as a result, there were some missing data that may have biased our results. Along with understanding why the respondents chose a nephrology career, it would also be useful to understand the reasons why internal medicine trainees do not choose nephrology, which we cannot assess with this study. This is a potential focus for further research.
In summary, this study provides an insight into the reasons why current ASN members chose to pursue a career in nephrology; as a result, these results can help inform efforts to increase interest in a nephrology career among future trainees. Our findings highlight the importance of early exposure to nephrology in medical school. Efforts should be focused at identifying potential trainees early in their training and providing positive mentoring at an early stage. Nephrology electives should be structured in such a way as to demonstrate the diversity of careers within nephrology and should not be limited to the traditional inpatient electives. In particular, interest in nephrology research should be encouraged in medical school and during residency through participation in formal research training. More generally, efforts need to be made to decrease the debt burden on US medical graduates, allowing them more opportunity to choose academic careers. Similarly, the lack of available research funding for non-US medical graduates should be addressed. This will ensure that the next generation of nephrology trainees is adequately prepared for the challenges of caring for the growing population of nephrology patients while continuing to advance the field of nephrology research.
